B
lack and Hispanic women in the United States are more likely to deliver preterm (<37 weeks of gestation) compared with white women; a higher proportion of black women experience fetal or perinatal losses and infant death compared with other races.
1,2 The persistent racial disparity in infant death may be driven, in part, by the greater incidence of extremely preterm births (those occurring before the limit of viability) among black women, 3 essentially all of which result in neonatal death. Among viable preterm births however, black births historically have experienced lower risks of neonatal death relative to white births 4, 5 ; however, more recent data suggest that the survival advantage among black early preterm infants diminished during the 1990s and that the racial disparity in mortality rates at >33 weeks of gestation has increased. 6 Reasons behind these entrenched disparities remain largely unexplained but are thought to be driven by complex and multifaceted risk exposure that arises from generations of social and economic disadvantage that place women and their neonates at risk for morbidity and death. 7 Although disparities in death and preterm birth rates have been well documented, less is known about racial differences in morbidity among preterm neonates, particularly for rare conditions, which may shape the trajectory of infant health and survival. Sparse evidence suggests trends similar to death with risk by racial group inverse between preterm and term neonates. In an analysis based on gestational ageematched birth records from the state of Ohio, Loftin et al 8 reported that, compared with white infants, black infants had lower risk of morbidity during the preterm period (through 36 weeks of gestation), but the risk increased after 37 weeks of gestation. Berman et al 9 found that among neonates who were born at <34 weeks of gestation, white infants were more than twice as likely as black infants to have a Score for Neonatal Acute Physiology of >10, which indicates greater physiologic severity for neonatal intensive care. 9 Few previous studies have identified sex differences in neonatal morbidities among very preterm births (<29 weeks of gestation); however, to date, none of the cohorts were among the US population. 10, 11 An analysis of data from 797 infants who were born at 23e28 weeks of gestation in the United Kingdom found that female infants were at a significantly lower risk for death and oxygen dependency, pulmonary hemorrhage, and other major cranial abnormalities. 10 An Australian cohort of 2549 very preterm neonates identified increased risk for adverse long-term neurologic outcomes among male infants compared with female infants; sex differences were most pronounced among births at <27 weeks of gestation. 11 Neither study examined the joint effects of sex and race on preterm neonatal health.
The purpose of this analysis was to describe racial/ethnic differences in neonatal morbidities among neonates who were born preterm and to investigate whether racial/ethnic disparities in neonatal morbidity differed by infant sex in a large US medical recordebased 12 Detailed information was obtained from electronic medical records after Institutional Review Board approval was obtained at all participating institutions. International Classification of Diseases, version 9 (ICD-9) maternal discharge diagnosis codes were recorded for each pregnancy, which included pregnancy complications and medical history. Maternal records were linked to newborn electronic medical records, which included details of neonatal intensive care unit (NICU) admissions, and ICD-9 discharge codes for the infants. Women's self-reported race and ethnicity were recorded in the medical record and compiled in the central Consortium on Safe Labor database in the following categorizations: nonHispanic black, Hispanic, non-Hispanic white, Asian/Pacific Islander, multiracial, other race, or unknown. We limited the analysis to deliveries that occurred at <37 weeks of gestation (n¼29,592) and excluded multiple fetuses (n¼3462), infants with congenital anomalies (n¼4122), and births missing maternal age (n¼28 
Outcome and covariates
Neonatal outcomes of interest that were identified by diagnoses in the medical record and were supplemented with ICD-9 codes included asphyxia, NICU admission, transient tachypnea (TTN), respiratory distress syndrome (RDS), sepsis, necrotizing enterocolitis (NEC), peri-/intraventricular hemorrhage (PVH/IVH), intracranial hemorrhage (ICH), retinopathy of prematurity (ROP), neonatal death, and perinatal death (defined as stillbirth or neonatal death). We also examined a composite outcome that included neonates who experienced at least 1 of the aforementioned outcomes, perinatal death and/or any morbidity, compared with those who were liveborn without morbidities. Analyses of all outcomes, with the exception of perinatal death and the composite outcome, excluded stillbirths (n¼648).
A priori selected covariates included study site, maternal age (continuous), parity (nulliparous, multiparous), prepregnancy body mass index (BMI, kg/m 2 : underweight, <18.5; normal weight, 18.5e24.9; overweight, 25 -29.9; obese, !30; unknown), insurance type (private, public/self-pay, other/unknown), marital status (married, not married or unknown), smoking during pregnancy (yes, no/unknown), alcohol use during pregnancy (yes, no/unknown), maternal history of asthma, depression, hypertension, renal disease, heart disease, diabetes mellitus, or thyroid disease (separate covariates, yes, no/unknown).
Statistical analysis
Descriptive statistics compared covariates between racial/ethnic groups with the use of the chi-square test and analysis of variance for categoric and continuous variables, respectively. We fit a series of sequentially adjusted Poisson regression models with generalized estimating equations to estimate racial/ethnic differences in the risk for adverse neonatal outcomes using white infants as the reference group and to account for multiple deliveries contributed by some women. Model A was adjusted only for study site. Model B was adjusted further for maternal demographics that included age, age-squared, parity, insurance, smoking and alcohol use during pregnancy, and marital status. Model C further included history of chronic diseases and prepregnancy BMI. Prepregnancy BMI was missing in 7107 of deliveries (35.8%) because of a lack of height and/or weight measure recorded in the medical record. Therefore, we used multiple imputations to derive estimates of prepregnancy BMI and retain all observations for modeling. The multiple imputations were based on observed values of prepregnancy weight, parity, insurance status, marital status, smoking, alcohol use, age, race, and study site.
A 6-category variable grouped infants by race/ethnicity and sex to compare relative risk (RR) and 95% confidence interval (CI) for each neonatal outcome and was controlled for all covariates in the fully adjusted Model C. The reference group of white female infants was selected based on the sex/race group with the highest proportion of infants who experienced a live birth with the lowest burden of morbidity. We tested for interactions between race/ethnicity and infant sex and maternal race/ethnicity and age, given documented racial differences in age-patterned risk for adverse birth outcomes. 13 Finally, in a sensitivity analysis, we examined the robustness of racial/ethnic differences in the composite outcome (death or at least 1 morbidity) after controlling for a range of complications that may have arisen during pregnancy differentially by maternal race/ethnicity and were associated with neonatal outcomes: preeclampsia, preterm premature rupture of membranes, chorioamnionitis, gestational hypertension, and gestational diabetes mellitus. These were included in a model that contained all the covariates in the fully-adjusted Model C.
Results
In the cohort, white women were older and more likely to be married and to have private insurance compared with other racial/ethnic groups (Table 1) . Smoking and alcohol use during pregnancy was more frequent among white women compared with blacks or Hispanic women. Rates of asthma, hypertension, and obesity were highest among ajog.org Figure) . Empiric rates of death or morbidity varied among white, black, and Hispanic neonates until 29 weeks of gestation and onward, with white neonates the highest, followed by black neonates, then Hispanic neonates (with the exception of 32 weeks of gestation when the Hispanic rate was higher than the black rate).
Associations between maternal race/ ethnicity and neonatal outcomes are shown in Table 2 . Overall, adjustment for covariates across Models AeC did not change the magnitude of associations appreciably between race and risk for each outcome. Across all 3 models, black neonates were at 41e43% increased risk for sepsis, 31e33% increased risk for PVH/IVH, 52e67% increased risk for ICH, 41e60% increased risk for ROP, and 45e48% increased risk for perinatal death compared with white neonates. Hispanic neonates were at 11e12% decreased risk for RDS and 13e15% increased risk for sepsis. Site-only adjusted Model A indicated a lower risk for TTN among Hispanic neonates compared with white neonates (RR, 0.87; 95% CI, 0.77e0.99) and a 5% decreased risk for NICU admission, but the differences were not statistically significant in subsequent models. There were no racial/ethnic differences in a combined perinatal death or any morbidity in the final fully adjusted Model C.
There was evidence of an interaction between infant sex and race but not between maternal age and race/ethnicity in these data. Stratification by both race/ ethnicity and sex revealed more nuanced trends (Table 3) . Risk of perinatal death was highest among black infants overall and was not specific to infant sex; both black female and male infants had 55% and 70% increase in risk, respectively, compared with white female infants. 
FIGURE

Percent of deliveries with perinatal death or neonatal morbidity by maternal race
The bar graph shows the percentage of deliveries that occurred in each gestational week that resulted in perinatal death and/or any of the neonatal morbidities investigated in this analysis among black, Hispanic, and white women separately.
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ajog.org . Similarly, TTN risk was not differential by race/ethnicity but by sex with both black and white male infants at 17e18% increased risk compared with white female infants and no difference between black, white, and Hispanic female infants. The combined influence of both sex and race/ethnicity was apparent for asphyxia, NICU admission, and the composite outcome of death or any morbidity. There were no racial/ ethnic differences in these outcomes overall; however, after further stratification, black male infants were more likely to experience asphyxia than were white female infants (RR, 2.08; 95% CI, 1.19e3.68); white male infants and black neonates of either sex were 10e13% more likely to be admitted to the NICU than white female infants and were 11e22% more likely to experience perinatal death or at least 1 morbidity, with a stronger association in male infants of either race. Finally, relative to white female infants, black female infants were at increased risk for PVH/IVH (RR, 1.47; 95% CI, 1.06e2.03).
Complications that occurred during pregnancy did not explain sex and racial/ethnic differences in risk of death or any neonatal morbidity (composite). In the sensitivity model that was adjusted for preeclampsia, chorioamnionitis, preterm premature rupture of membranes, gestational hypertension, and gestational diabetes mellitus, both white and black male infants experienced 21% elevated risk compared with white female infants; black female infants were at 11% increased risk (data not shown).
Comment
In this analysis of a large medical recordbased cohort of 19,857 preterm births from 12 US states, we find evidence of racial/ethnic differences in risk for neonatal morbidity that are not explained by maternal demographic characteristics, health behaviors, or medical history. Previous reports have documented a small, but narrowing, gestational-age survival advantage among black neonates relative to white neonates for infants who were born at <37 weeks of gestation. 5, 8 In this sample, there was no racial/ethnic difference in risk for neonatal death among all infants who were born preterm and an increased likelihood of perinatal death among black infants relative to white and Hispanic infants. Moreover, we found that black neonates experienced an increased risk for multiple morbidities that include sepsis, PVH/IVH, ICH, and ROP. Hispanic preterm neonates fared similarly to white neonates in general and had lower rates of RDS. These findings add to the limited evidence of racial/ethnic differences in particularly rare outcomes among neonates who are born preterm. a Adjusted for study site; b Adjusted for study site, maternal age, squared maternal age, parity, insurance type, smoking and alcohol use during pregnancy, and marital status; c Adjusted for all covariates in Model B and maternal history of chronic diseases (asthma, depression, hypertension, renal disease, heart disease, diabetes mellitus, and thyroid disease) and prepregnancy body mass index;
d Includes stillbirths (n¼648) that were excluded from all other outcomes.
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The differences in neonatal outcomes for black neonates persisted after stratification by sex and are largely consistent with the small amount of literature on these rare outcomes. Both incidence and death from sepsis have been shown to be higher among black preterm neonates. 14 A previous study found that black infants were more than twice as likely to die of IVH compared with white infants, which is attributable in part to the excess risk of preterm birth among black infants. 15 In an analysis that was limited to preterm deliveries that was similar to the current study, the increased incidence of IVH among black infants was attenuated among women with at least 1 prenatal visit, which implicates racially differential healthcare access and use. 16 An older study examined the causes and factors of the development of PVH/IVH in premature infants and reported that mothers with pregnancy-induced hypertension were less likely to have neonates with PVH/IVH, which is likely attributable to medication use or obstetric management. 17 Gestational hypertension most commonly complicated pregnancies among white women in our data, and the risk for PVH/IVH was lower in this group. Finally, the elevated risk for ROP among black infants that was evident in this study is novel because previous literature has focused largely on an elevated risk among Hispanic infants 18 or a reduced risk for severe ROP among black infants. 19 The factors that have been demonstrated to be associated with an increased risk of ROP are short gestational period or low birthweight, sepsis, IVH, and blood transfusions. Both blacks and Hispanic infants were at an increased risk of sepsis, and black infants were at an increased risk of PVH/ IVH within the study population, which is in concordance with the observation that infants who experience those particular morbidities are likely to experience comorbid ROP. 18 Risk for RDS and TTN was lowest among Hispanic infants. Although white preterm neonates are at an increased risk for RDS than other racial/ethnic groups, 20 black infants often do not respond to surfactant treatment as well as others, and RDS-related deaths among blacks and Hispanic infants exceeds rates among white infants. 21, 22 TTN is diagnosed by the presence of labored and rapid breathing in a newborn infant because of underdeveloped lung function. Newborn infants are at a higher risk for TTN when they are delivered by cesarean section, born to mothers with diabetes mellitus or asthma, have a small-for-gestational age birthweight, or have any other respiratory distress. 23 Controlling for these factors across Models AeC attenuated racial/ethnic differences in TTN. We found no racial/ethnic differences in the risk for asphyxia, NEC, NICU admission, neonatal death, or the composite variable for death or at least 1 morbidity. When the joint effects of sex and race are considered, in general, female infants had a reduced risk compared with male infants. Male sex and black race have been associated previously with an increased prevalence of birth asphyxia 24 ; although asphyxia was rare in our population, which may have influenced statistical power, the point estimate was similarly elevated among black boys relative to white girls. NEC is a severe medical condition primarily seen in premature infants in whom portions of the bowel undergo necrosis or tissue death. 25 There was limited evidence of significant racial/ ethnic differences from other studies, with the exception of one that found that black preterm infants had an increased risk of NEC compared with other racial/ethnic groups. 25 The direction and magnitude of the effect estimates associated with black and Hispanic risk for NEC in the current study suggest increased risk, and as a rare occurrence, models may have been underpowered to detect a significant difference.
There are several limitations that should be mentioned. Grouping the Hispanic population ignores the heterogeneity of this group, which may include both native and non-native born participants. The small number of Asian/ Pacific Islander women and those of other racial/ethnic groups prohibited an examination of the risk for rare outcomes in these groups. Additionally, although the Consortium on Safe Labor does provide rich clinical data on rare perinatal outcomes, the number of cases that occur at early gestational ages is small, and we do not have enough cases to support a detailed analysis by week of delivery. Finally, although the medical recordsebased nature of these data are an improvement over birth records data with regard to outcome validity and accuracy, they lack data on women's socioeconomic conditions and contextual ajog.org
factors that may explain apparent racial/ ethnic differences, such as maternal education, income, and access to and use of timely, high-quality prenatal care. Future studies on the mechanisms underlying racial/ethnic differences in preterm neonatal morbidities should be encouraged. The distressing trend in increasing racial/ethnic inequities in maternal and child health outcomes should be of concern to clinicians and public health professionals. Our results challenge findings of a survival advantage among black preterm neonates in cohorts from previous decades. In fact, we find that black neonates are at greater risk for a number of severe morbidities and an almost 50% increased risk of perinatal death when born at <37 weeks of gestation. Efforts to understand and address the complex and multifaceted mechanisms underlying preterm labor and preterm morbidity are needed to eliminate racial/ethnic differences in risk.
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